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Latent prints can be used as evidence in crime scenes to connect individuals to the 
location of a potential crime.  In some cases, perpetrators may handle partially eaten fruits 
at the scene of a crime and leave latent fingerprints on the surface of the fruit.  Plant leaves 
of common household ornamental plants and regional shrubs may also be a potential source 
of latent prints.  Fruits, vegetables, and plant leaves have not been extensively studied as 
substrates for fingerprint development.  In order to assess the feasibility of developing and 
visualizing latent prints on fruits, vegetable, and plant leaf surfaces, black and white 
fingerprint powder, bi-chromatic magnetic powder, and LumicyanoTM superglue fuming 
were utilized on tomato, zucchini, cucumber, acorn squash, carrot, mango, plum, pear, 
orange, pepper, banana, watermelon, Rhododendron leaf, Philodendron leaf, and Jasmine 
leaf.  An aging study up to sixteen days was also conducted on eight of the fifteen substrates 
to determine the effects of aging on latent fingerprint impression development.  Latent 
prints were recovered from all surfaces with the three techniques.  Using a scoring system 
of 0-2, in which 2 represents the presence of six or more minutiae and 0 represents the lack 
of minutiae, impressions developed with fingerprint powder scored the highest average 
across all substrates.  The aging study revealed a general decline in the quality of the latent 
prints over time with LumicyanoTM fuming performing the best.   
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1.1 Fingerprint Evidence  
The study of fingerprints is a field within the forensic sciences that can be used in 
criminal cases to connect individuals to a certain location (1).  Fingerprints refer to the 
impressions of the ridges existing on the “last finger joints” of an individual’s hand (2).  
Fingerprint impressions are formed when a finger comes into contact with a surface and 
sweat and oils are transferred, often leaving a pattern of the friction ridge detail of the 
finger.  Fingerprints, or friction ridge skin, are used for identification purposes due to their 
persistent and unique quality.  The uniqueness of fingerprints was first recorded in Europe 
in 1788 by J.C.A. Mayer, a German doctor, who observed that no two individuals in his 
experiments shared the same friction ridge skin (2).  The first person to note the 
permanence of fingerprints was a German anthropologist named Hermann Welcker in 1856 
(2).  However, Sir William James Herschel is often cited for being the first person to study 
the persistence of fingerprints (2,3) and explore its use as a signature in administrative 
matters (3).  
Fingerprints are relevant to crime scene investigations because individuals may 
leave their friction ridge impressions on surfaces they have come into contact with.  This 
allows for the association of an individual to a scene of a crime.  There are multiple types 
of fingerprints that can be deposited.  There are patent prints, which are prints that are 
visible to the naked eye and usually comprised of visible substances like blood or paint.  





dimensional nature of the friction ridge detail.  Finally, latent prints are prints that are not 
readily visible to the naked eye and often need additional development techniques to be 
viewed.  These prints are left by oil residues and sweat from an individual’s fingers (2,4).   
 
1.1.1 Anatomy of the Skin 
 In order to understand fingerprints, an understanding of the anatomy of the skin, 
the largest organ in the body (2), is essential.  The skin is composed of three main layers 
called the epidermis, dermis, and the subcutaneous tissue (2,5,6).  The epidermis is the 
upper-most layer of the skin where the ridges and furrows of the friction ridge skin exist.  
The dermis contains the hair follicles, blood vessels, sweat glands, and connective tissue 
binding the epidermis to the hypodermis.  The subcutaneous layer, or the hypodermis, 
contains connective tissue and fat (Figure 1).  The different layers of the skin are all joined 







Figure 1.  Three layers of the skin.  Image Source: Wikimedia Commons. 
  
1.1.2 Embryology of Friction Ridge Skin 
 The persistence of friction ridge skin can be attributed to how the epidermis sloughs 
off over time and reproduces the three-dimensional nature of the friction ridge skin through 
cellular attachments (2).  However, the uniqueness of friction ridge skin is related to 
embryology, or the development of the embryo and the early fetal stages of growth.  In the 
late embryological stages of development, which is about 3-8 weeks of the gestational 
period, a process called gastrulation forms the three tissue layers of the body: the ectoderm 
which will eventually form the epidermis, the mesoderm which will include the dermis, 





the fingers start to form and temporary swellings of tissue called volar pads will develop 
on the palms of the hands and soles of the feet.  At about 10.5 weeks, friction ridges begin 
to form until about 16 weeks, when the minutiae or the details of the friction ridges become 
permanently set (2) (Figure 2).  The contribution of numerous random forces eventually 
results in the unique nature of friction ridge skin.    
 
 
Figure 2.  General timeline of the growth and regression of volar pads and friction 
ridge development (2). 
 
1.1.3 Structure of Friction Ridge Skin 
 Friction ridge skin refers specifically to the raised ridges and furrows that help the 
hand and feet grasp objects (6).  These ridges and furrows are rooted in the dermis layer of 
the skin by primary and secondary ridges (Figure 3).  Sweat glands are anchored in the 





differentiated from other parts of the skin by the thickness of the epidermis, its structural 
complexity, and its heightened sensory capabilities (6).  The surface features of friction 
ridge detail can be categorized into three categories: level 1, level 2, and level 3 details.  
Level 1 detail refers to the overall ridge flow and pattern of the friction ridge skin, level 2 
refers to the specific ridge path and minutiae, and level 3 details include the pores and ridge 
shape of a print (4,6,7).  Minutiae refer to specific points where ridges may end (ridge 
ending), join (bifurcation), or very short ridges (dots), and these minutiae are often used 
for comparison purposes in investigations (Figure 4) (2,6).  Other features of friction ridge 
detail include incipient ridges, which are immature ridges that are shallower than the 
primary ridges and may be discontinuous in nature, creases, and scars (2,6).   
 






Figure 4.  Examples of different types of minutiae. 
Image Source: Ioan Truta. 
 
1.1.4 Components of Latent Print Residues 
 The components of latent print residue can be divided into extrinsic and intrinsic 
factors.  Intrinsic factors refer to the chemical components produced from within the body 
like sweat, consumed drugs, and trace metabolites.  The extrinsic components come from 
external sources like blood, cosmetics, dirt, and other environmental contaminants (8).  The 
intrinsic components are largely composed of the different chemical components of sweat.  
There are three primary types of sweat glands in the human body: eccrine, apocrine, and 
sebaceous glands (2).  Latent prints are made up of a mixture of secretions from some or 





sweat glands may contribute to the components of latent print residue, the principal 
components come from the eccrine and sebaceous glands (9).  These glands produce both 
organic and inorganic chemicals including amino acids, fatty acids, and triglycerides 
(2,8,9).  Due to the complexity of the mixture of chemicals within latent print residues, 
there is much variability between individuals as well as within the same individual from 
day to day (8).  The circumstances in which the print is deposited as well as the environment 
or the conditions of the surface also affect what components are present.   
     
1.2 Aging of Latent Prints 
 As latent prints age, their chemical composition may vary significantly.  Over time, 
latent prints may dry out and lose their moisture content as well as their volatile 
components (8,10–12).  This results in a loss of mass over time as well as the hardening of 
the print.  A previous aging study focusing on the microscopic changes in the physical 
properties of latent prints found that over time, a print will gradually lose its thickness and 
develop a more irregular topography (13).  The longer fatty components of a print such as 
fatty acids, steroid precursors and wax esters have been shown to shorten and oxidize over 
time in previous chemical studies (12,14).  The electrical properties of latent prints as they 
age have also been studied and it was discovered that the resistivity of a fresh latent print 
will initially increase as evaporation takes place and the fatty materials with intrinsically 
high resistivity are left in the residue (8,15).  The effect of light and dark on the aging 





presence of light accelerates the degradation process for certain fatty compounds like 
squalene (14).  These chemical changes as a print ages result in less potential reactivity to 
chemical developing reagents, as many of these developing reagents react with specific 
components of latent print residues (8,11).    
 
1.3 Latent Print Development Methods 
 In order to visualize latent prints, certain developing methods must be used that 
enhance the friction ridge detail.  The question of what development method to use when 
processing a print relies largely on what surface the print has been deposited (16).  Due to 
the numerous types of existing development methods and differing workflows and 
demands, laboratories have their own standard operating procedures (SOPs) that specify 
what types of methods and developing reagents to use when handling items with latent 
prints.  Despite the wide variety of existing methods, some techniques are more commonly 
used than others such as fingerprint powdering and superglue fuming. 
 
1.3.1 Fingerprint Powder 
 Fingerprint powder is one of the most common and traditional methods of latent 
print development (2).  This technique relies on the adherence of fine powder particles to 
the oily and moisture components present on the ridges of a latent print (10,16).  Glass-
fiber or animal hair brushes with soft bristles are often used to apply these powders to the 





mechanical interactions like the pressure deficit mechanism, which causes the powder 
particles to adhere to sweat droplets.  Electrostatic attraction also plays a minor role in the 
adhesion of powder to the residue (10,17).  Further, the properties of the powder are 
important in determining how it interacts with the fingerprint residues.  Most fingerprint 
powders are composed of very fine, flattened or round particles that adhere very well to 
the moisture and oil components of the ridge regions and not to the furrows (16).   
 
Figure 5.  Black and white fingerprint powder with corresponding Zephyr® 
fiberglass brushes. 
 
1.3.1.1 Types of Fingerprint Powder 
Fingerprint powders come in different colors so that they can be visualized on 
different-colored surfaces.  Manufacturers often label powders based on their colors and 





black.  It is a very versatile and effective powder as it can be used on different types of 
substrates and can be viewed on various colored backgrounds (2).  Some powders also have 
fluorescent properties, which require alternate light sources (ALS) and a barrier filter to be 
viewed (2).  Fluorescent powders can be used for multicolored surfaces where developing 
contrast may be difficult.  It can also be used for weak prints, where powder with a greater 
degree of sensitivity is necessary (2,10).   
 
1.3.1.2 Disadvantages of Fingerprint Powder 
 There are several disadvantages with using fingerprint powder.  Applying 
fingerprint powder with a brush can potentially disrupt the friction ridge detail, rendering 
the fingerprint unidentifiable (16).  With excessive force or a high degree of contact, the 
bristles may potentially smudge the print.  This is more likely to occur with latent prints 
that have a higher oil and moisture content (2).  Moreover, fingerprint powder is not ideal 
for certain types of surfaces including porous or highly absorbent surfaces like paper (2).  
It is also possible to obscure the ridge detail by using too much powder or by excessive 
brushing (16). Thus, the use of proper powdering techniques is crucial for dusting of a 
latent print.   
 
1.3.2 Magnetic Powder 
 Magnetic powder is considered a type of fingerprint powder, but it is different from 





without bristles to be applied onto surfaces (2).  The magnetic applicator, or “magna-
brush,” is composed of a plastic sheath in which a magnetized steel rod is inserted (16).  
The magnet can be inserted and removed from the sheath with a plunger.  Upon insertion, 
the magnet will magnetize the base of the sheath, which will pick up the iron particles in 
the magnetic powder and form a ball, serving as a brush (Figure 6).  Since there are no 
bristles, this reduces the chance of obliterating the friction ridge detail in the latent print.  
After the print is dusted, the plunger can be pulled back out to remove the magnetic powder 
from the sheath.  Excess powder on the substrate can be removed by re-inserting the magnet 
into the sheath to pick up loose iron particles (2,16).  Magnetic powders contain different 
types of metals including aluminum, iron, or brass and come in different colors.  Metallic 
flakes are produced by different milling conditions and can vary in the size of the particles 
(18).  One disadvantage of magnetic powder is that it may not be as effective on 
ferromagnetic surfaces since they will attract the magnetic powder particles as well as the 
applicator and increase the chances of disrupting the ridge detail (2).  Further, the magnetic 






Figure 6.  Magnetic applicator with magnetic 
powder adhering to the tip (2). 
 
1.3.3 Cyanoacrylate Fuming 
 Another commonly used latent print development technique is cyanoacrylate (CA) 
or superglue fuming.  This technique involves the deposition of ethyl CA ester on the 
residues of latent fingerprints and can be utilized on non-porous substrates like plastic 
materials, metals, and glass (2,19–21).  This method is less destructive to the impression 
than fingerprint powder and multiple items or substrates can be developed at once (19).  
CA development can be roughly described as a three-stage process.  In the first stage, the 
vaporized fumes of CA ester monomers (Figure 7) bond to the initiators present in the 





react with the electronegative functional groups of ethyl CA (19,22–25).  In the second 
stage, more CA ester monomers react to the already-linked monomers, resulting in 
polymerization of the CA esters.  The third step involves the termination of the polymer 
chain reaction (2,19,22,23,25,26).  Once the latent prints have been fully developed, a 
three-dimensional matrix that most often appears white in color is formed on the ridges 
(Figure 7).  The formed white residue can be further enhanced with reagents that may add 
visible color to the print or cause the print to fluoresce (2,19,22,24,26).  In addition to its 
ability to visualize the latent print, CA fuming may also impart durability to the print as it 
plasticizes the print, which can make transportation and storage of the print easier (2,22).    
 
Figure 7.  (Left) Ethyl CA monomer and (right) CA-fumed print on a wrapper (2). 
 
1.3.3.1 Factors Affecting CA Fuming 
 Several factors have been studied that affect the CA fuming process.  The age of 
the latent print, the temperature of the CA, and the relative humidity of the fuming chamber 
have been shown to affect the quality of CA fuming (19,22,26).  Previous studies have 





they lose moisture as well as mass (8,11,14).  This may impact the ability of ethyl CA to 
bind to the residue as the chemical initiators in the latent print may be altered or disappear 
with age.  Previous research efforts have also attempted to replenish the initiators in aged 
latent print residue by exposing them to either acetic acid or ammonia fumes.  Exposure to 
these fumes resulted in significant improvement in the amount of ethyl CA polymerization 
and the overall quality of the fumed print, indicating that the loss of chemical initiators 
does play a role in CA fuming results (22).   
Temperature of the CA has also been found to affect the quality of the fumed prints.  
A previous study found that a decrease in temperature of the reaction resulted in increased 
polymerized ethyl CA formation, indicating that decreased fuming temperatures may result 
in higher quality latent prints (22).  However, there have been studies indicating that 
applying heat speeds up the fuming process (22,29), which is important in laboratories with 
a high number of evidentiary items to process.   
The relative humidity of the fuming chamber or the environment in which fuming 
takes place also plays a role in the quality of the developed print.  A previous study has 
found that a relative humidity of 80% or higher resulted in greater polymerization of the 
CA (26).  One possible explanation for this phenomenon is that the chemical components 
that initiate polymerization of ethyl CA may be contained in the aqueous component of 
latent print residue.  Though research on the chemical mechanisms underlying CA fuming 





conducting CA fuming suggest the heat-accelerated method at 120°C with relative 
humidity levels of 60-80% (2,29).   
      
1.3.4 One-Step Fluorescent Superglue Fuming 
 One of the potential disadvantages of CA fuming is that additional processing steps 
may be necessary after the fuming step in order to better visualize the white CA residue 
(2,19,20,23,24,30,31).  An additional dye step could potentially stain the background on 
semi-porous substrates, making it difficult to distinguish the print (21,32). One-step 
fluorescent superglue fuming techniques eliminate the need for an extra processing step by 
using CA that contains a fluorescent dye (21,23,24,30).  Though one-step fluorescent CA 
products are more expensive than traditional CA products, they may be more cost-effective 
for casework in the long-term as they reduce processing times and do not require the extra 
chemical reagents that are used after regular CA fuming (21,30).  Once developed with a 
fluorescent superglue, a print may be viewed under an ALS at the appropriate wavelength 
(and corresponding barrier filter) to visualize the latent print.  There are currently several 
existing one-step fluorescent CA products: PolyCyano UV (Foster and Freeman, U.K.), 
LumicyanoTM (Crime Scene Technology, France), PECA Multiband (BVDA, MA), 
Fuming Orange (Aneval Inc., IL) and CN Yellow (Aneval Inc., IL) (21,33).  A potential 
disadvantage with some of these one-step CA kits like PolyCyano UV is that they require 
higher fuming temperatures than the standard 120°C, which means that specific fuming 







 LumicyanoTM is a one-step fluorescent CA kit that utilizes the standard CA fuming 
settings of 120°C and 80% relative humidity (32–35).  Once a substrate has been fumed 
with LumicyanoTM, it may be viewed under ultraviolet (UV) light at 315-340 nanometers 
(nm) or visible light at 450-550 nm (32,36).  Several studies have been conducted that 
evaluate LumicyanoTM and compare it to traditional CA fuming (32–34).  One study in 
particular compared LumicyanoTM to a two-step process of CA fuming with Cyanobloom 
(Foster and Freeman, U.K.) followed by dye-staining with Basic Yellow 40 (BY40).  The 
prints developed with LumicyanoTM showed comparable and sometimes better quality than 
those developed with the two-step process.  With increased time since fuming with 
LumicyanoTM, the degree of fluorescence decreased, indicating that prints should be 
visualized under ALS within a few hours after the print is fumed (32).  Prete et al. also 
found that if the LumicyanoTM fuming process was stopped before all the CA was fumed 
(under-developed), the developed latent print appeared less fluorescent.  A preliminary 
study also indicated that prints are seldom overexposed with LumicyanoTM (32), indicating 
that there may be less of a risk of depositing excessive amounts of fluorescent CA on the 
prints in comparison to regular CA used in two-step processes.       
    
1.3.4.2 LumicyanoTM on Various Substrates 
 Various studies have focused on using LumicyanoTM on different types of 





(32,34,35).  Certain non-porous surfaces like plastic bags and plastic wraps require an 
additional dye or powdering step after traditional CA fuming.  When these dyes are washed 
off or the print is powdered, there is risk of washing off or obliterating the print with the 
brush.  In one study, fuming these specific non-porous substrates with LumicyanoTM 
proved successful in developing enough contrast that the print did not need to be further 
stained (32).  Some semi-porous substrates like postcards, cigarette packs, and photo paper 
are not suitable for traditional CA fuming and subsequent dye staining because the 
background will take up the dye and reduce the print’s contrast (21,32).  In their study, 
Prete et al. found that LumicyanoTM produced sufficient contrast upon fuming these 
substrates.  Other studies have tested LumicyanoTM on substrates including plastic 
shopping bags, paper products like magazines and mail, and food or cosmetic cardboard 
packaging (35).  Farrugia et al. used a 4% LumicyanoTM solution and reported that fuming 
with LumicyanoTM resulted in a high rate of detection for fingerprints on plastic carrier 
bags.  However, the detection rate of latent prints on semi-porous substrates like 
magazines, cardboard, and leaflets was low (35).  Beerman et al. (34) collected fabric 
swatches made of polyester, silk, cotton, satin acetate, and nylon and developed prints on 
the fabrics using different dye percentages of LumicyanoTM (8-10%).  They found that the 
9% LumicyanoTM solution provided the best results for fresh prints in the dye percentage 
comparison study, which is not consistent with the manufacturer’s suggestion of fuming 
with 5% or 8% LumicyanoTM (36).  In the enhancement technique comparison study, they 





silk, which had a higher mean score for traditional CA fuming followed by BY40 staining 
(34).   
 
1.4 Fruit and Vegetable Substrates 
 Fruits and vegetables are surfaces that have not been extensively studied for the 
recovery of latent prints.  Only a handful of studies have been conducted on developing 
fingerprints from these substrates (37–42).  Foods such as fruits and vegetables are often 
overlooked as evidentiary items for latent prints as their surfaces may vary in texture and 
porosity (39).  However, there are occasional crime scenes with half-eaten fruits in which 
the perpetrator is thought to have handled or touched the fruit (38,42).  Therefore, detection 
of latent prints on fruits and vegetables is a topic of interest for processing potential crime 
scenes.   
Several studies have explored the use of different development techniques on 
various fruits and vegetables (37–42).  Since food items are subject to deterioration over 
time, the timing of the fingerprint recovery plays an essential role in the feasibility and 
quality of the latent print (42).  In order to account for this aspect of these surfaces, many 
of the previously mentioned studies have also conducted aging studies on the substrates 
(37–39,41,42).  In a study conducted by Amit and Chattopadhyay, latent prints were 
deposited and processed on green and ripe bananas, eggs, onion, tomato, eggplant, bottle 
gourd, and bell pepper using black powder, silver gray powder, orange fluorescent powder, 





overall (40).  Another study focused solely on using different types of fingerprint powders 
(Supra Nano fluorescent green, black powder, and a new powder containing a mix of three 
different substances) to process apples, onions, potatoes, and tomatoes.  The Supra Nano 
fluorescent green powder provided the most visual contrast, and fingerprints were able to 
be recovered up to two weeks after deposition. Moreover, fingerprint recovery was not 
affected by time for any of the substrates except for tomato (39).   
Other techniques besides powder and iodine fuming have been explored with fruits 
and vegetable substrates (37,38,41).  One study in Slovenia compared powder processing 
with CA fuming on apple, banana, tomato, and potato and a time study was also conducted. 
The fingerprint powders were found to be most effective for development and increased 
time since deposition was found to reduce the quality of the recovered mark due to 
decomposition of the substrates.  CA fuming, on the other hand, produced poor results in 
terms of how much ridge detail was recovered across all surfaces (38).  Ferguson et al. 
similarly found that CA fuming resulted in poor development of prints on apple, banana, 
tomato, onion, potato, bell pepper, and eggs in comparison to other development 
techniques (37).   In contrast to the previously mentioned studies, a study conducted by 
Hong et al. showed that CA fuming at 80% relative humidity produced the best results for 
mandarin, egg, banana, apple, potato, carrot, eggplant, onion, bell pepper, and tomato in 
comparison to small particle reagent and several fingerprint powders.  The authors also 





or room temperature) and found no correlation between storage condition and the quality 
of the latent print (41). 
 
1.5 Study Purpose 
The purpose of this study was to compare the success of developing latent prints on 
the surface of certain fruits, vegetables, and plant leaves using fingerprint powder, 
magnetic powder, and one-step fluorescent superglue fuming.  Exploring plant leaves as a 
substrate for developing latent prints was of particular interest because the International 
Association of Identification (IAI) had suggested it in a list of proposed research topics 
(43).  An additional goal was to determine how aging of a latent print on these surfaces 












2. MATERIALS AND METHODS 
2.1 Fingerprint Deposition 
This study was split into two main parts.  Part 1 was a substrate and development 
technique comparison study in which prints were deposited on fifteen different fresh fruits, 
vegetables or leaves then processed immediately using three different development 
techniques.  The developed prints were then photographed and assessed using a grading 
system adapted from a previous study (44).  In Part 2, an aging study was conducted in 
which prints deposited on eight of the fifteen substrates were developed with the three 
techniques on specified days following the date of deposition.  The prints were 
subsequently photographed and assessed.  All latent prints were obtained from one 
volunteer in the following manner: First, the left thumb was touched for 1 second with light 
pressure to a “Latent Print Standards Pad” (Sirchie®, Youngsville, NC).  Then, prints were 
deposited by touching the thumb to a non-porous tile surface with light pressure for 1 
second three times.  The fourth consecutive print was then deposited onto the substrate of 
interest.  The thumb was washed with water or wiped clean with a paper towel when 
transitioning to a different substrate.  A commercially available standards pad was chosen 
for print deposition to facilitate print uniformity and minimize the effects of inter-sample 






2.1.1 Preliminary Study with “Latent Print Standards Pad” 
 In the initial optimization stages of this research, it was observed that the standards 
pad produced prints with ridge detail that were difficult to visualize due to excessive 
amounts of residue.  In order to solve this issue, a preliminary study was conducted by 
depositing three sets of four consecutive prints on a smooth black tile after touching the 
left thumb to the standards pad.  Each set of prints was then developed with fingerprint 
powder, magnetic powder, and LumicyanoTM and assessed for print quality.  For both 
fingerprint powder and magnetic powder, successively deposited prints did not appear 
markedly different.  However, for LumicyanoTM, the fourth consecutive print after 
touching the thumb to the pad produced the best quality in terms of discernable ridge detail 
(Figure 8).  Therefore, it was determined that all the depositions on the substrates for this 
study would be the fourth successive print after touching the thumb to the standards pad.   
 
Figure 8. Fluorescence image of four consecutive left thumb prints on smooth black 
tile treated with LumicyanoTM.  The left-most print is the first print after touching the 
thumb to the pad and the right-most print is the fourth consecutive print after touching the 








A total of fifteen substrates encompassing various fruits, vegetables, and plant 
leaves were used in this study: banana, orange, mango, Anjou and Bartlett pear, 
watermelon, plum, green bell pepper, tomato, cucumber, zucchini, carrot, acorn squash, 
Jasmine leaf (Stephanotis Floribunda), Rhododendron leaf, and Philodendron leaf. The 
fruits and vegetables were purchased at two different local grocery stores while the leaves 
were obtained from living plants.  These specific substrates were chosen as they have not 
been studied before for the development of fingerprints, with the exception of banana, 
carrot, orange, pepper, and tomato (37–42).  Moreover, the selected fruits and vegetables 
have a fairly smooth, relatively non-porous surface, which has been found to be more 
conducive to retaining latent prints (41,42).  Some of the fruit and vegetable substrates 
were cut into segments before print deposition in this study. The plant substrates were 
chosen for the waxy, nonporous nature of their surfaces and for their ubiquity as household 
ornamental plants (Jasmine and Philodendron) and as a decorative outdoor shrub 
(Rhododendron).   
2.1.2.1 Aging Study Substrates and Set Up 
The aging study was conducted on the following substrates: Jasmine leaf, mango, 
cucumber, pear, plum, watermelon, acorn squash, and zucchini.  These substrates were 
chosen, in part, because an aging study had not previously been conducted on these 





white bench paper (Figure 9) while the Jasmine leaves were left on a vine with the stem in 
water for the duration of the aging study.  All the substrates were left in a dark, room 
temperature environment with minimal ventilation.  
 
Figure 9. Set up of fruits/vegetables for aging study. 
 
2.2 Development Techniques   
Three latent print development techniques were chosen for this study: fingerprint 
powder, magnetic powder, and one-step fluorescent superglue fuming.  Black Onyx or 
White fingerprint powder and two fiberglass fingerprint brushes (Lightning Powder® 
Company, Inc., Jacksonville, FL) were utilized for the fingerprint powder, Bi-Chromatic 





magnetic powder, and the LumicyanoTM Kit with 1 gram (g) Powder + 20 g Solution 
(Evident, Union Hall, VA) (Figure 10) was used for the one-step superglue fuming method.  
When deciding which color of the fingerprint powder to utilize, the color of the substrate 
was taken into consideration.  Black powder was utilized for light-colored surfaces (yellow, 
orange, light green, red) and white powder was utilized for dark-colored surfaces (dark red, 
purple, green).  
 






2.2.1 Superglue Fuming 
The fuming chamber used for the fluorescent CA fuming consisted of a glass tank 
measuring 13 inches (in) by 20 in by 10.5 in with a total volume of approximately 2730 
in3.  The top of the tank was covered with a sheet of cardboard and aluminum foil during 
the fuming process to create an enclosed space (Figure 11). A laboratory hot plate (Fisher 
ScientificTM, Pittsburgh, PA) with adjustable temperature settings was used as a heat source 
and a 250-milliliter glass beaker filled with hot water was placed inside to raise the 
humidity of the chamber. Humidity was maintained at approximately 70-80% during the 
fuming cycle and monitored by using an ACURITE® Indoor Comfort Monitor (Chaney 
Instrument Company, Lake Geneva, WI).  Using the Boston Police Department Latent 
Print Unit (46) and the Durham Police Department Crime Scene Unit Crime Scene 
Investigator Manual SOPs (47) as references, a positive control consisting of a black 
smooth tile with three prints was utilized for every fuming cycle (Figure 12).  For every 
fuming cycle, a 5% mixture of LumicyanoTM powder in LumicyanoTM solution was 
prepared in a 57 millimeter (mm) Microburst Fuming Dish (Evident, Union Hall, VA) by 
measuring approximately 40 milligrams of powder and adding 26 drops of the 
LumicyanoTM solution.  During fuming, the dish was heated on the hot plate at 
approximately 120 degrees Celsius for two different time intervals for each substrate.  In 
Part 1, all the substrates were fumed until all the LumicyanoTM was evaporated, which took 
approximately 18-25 minutes.  Complete evaporation was determined by the lack of any 





with LumicyanoTM for 13 minutes to see if under-fuming the substrates would produce 
prints of higher quality.  After every fuming cycle, the inside of the tank was wiped with a 
sponge to remove the CA residue.  This is recommended by the manufacturer as 
accumulated CA residues could attract the new CA fumes and inhibit the fuming process 
(36). 
 






Figure 12.  Set up inside the fuming chamber during a fuming cycle. 
 
2.3 Photography and ALS 
 After the prints were developed, they were examined under white light for ridge 
detail and photographed using a Canon EOS 70D (W) camera (Canon Inc., Tokyo, Japan) 
with a 50 mm 1:2.5 compact-macro lens attachment (Canon Inc., Tokyo, Japan).  All prints 
developed with LumicyanoTM were photographed within 24 hours after fuming.  When 
photographing the prints developed with LumicyanoTM, a Crimescope CS-16-500 ALS 
(SPEX Forensics, Edison, NJ) was used to visualize the fluorescence of the prints at 495 
nm.  A 58 mm orange (YA2) filter (Quantaray, Beltsville, MD) was attached to the lens of 
the Canon camera with a 52-58 mm adapter ring (BOWER®, China).  The camera was set 
up on a SirchSTANDTM Forensic Photography Stand (Sirchie®, Youngsville, NC) and two 





photographing prints developed with magnetic powder, an additional flashlight (MAG-
LITE®LED, Ontario, CA) was used to shine oblique white light on the latent print.  Due 
to the curved nature of the surfaces of the substrates, the aperture for the camera was 
adjusted accordingly and varied between F-8 and F-32.   
 
2.4 Analysis and Scoring System 
Once the prints were photographed, the JPEG files were digitally processed using 
Adobe Photoshop© (San Jose, CA) and marked for the existence of minutiae. A grading 
system was applied in which the scores ranged from 0 to 2 (44).  The scores on all the latent 
prints were assigned by the author with a small subset reviewed and confirmed by a 
certified latent print examiner.  A score of 0 was assigned when there was no ridge detail 
present in the print. A print was assigned a 1 when it contained 1-5 discernable points and 
a grade of 2 was given when there were six or more minutiae.  For the purpose of counting 






3. RESULTS AND DISCUSSION 
3.1 Substrate Performance in Comparison Study 
The average scores for each substrate using each method as well as the averages 
across all three development methods were calculated for the substrate and development 
technique comparison study (Table 1).  Oranges produced the lowest mean score of 1.42 
across all the development techniques.  This is most likely due to the bumpy texture of the 
skin, which resulted in the appearance of holes in the ridge detail.  The holes reduced the 
number of discernable minutiae in some cases (Figure 13).  Another study has similarly 
found it difficult to lift prints off of oranges due to their uneven surface, which caused dots 
to appear in the lifts (42).  Another surface yielding low scores was the carrot, specifically 
for LumicyanoTM (Figure 13).  This is consistent with another study that used combinations 
of CA fuming with other developing techniques and reported that carrots produced low 
quality prints; thus, it is possible that the carrot surface is not compatible with superglue 
fuming techniques (41).  Jasmine leaf, Philodendron leaf, plum, watermelon, pepper, acorn 
squash, and cucumber produced the highest mean score of 2 across all development 
techniques.  Rhododendron leaves had a mean score of 1.5 across all three techniques, 








Table 1.  Summary of scores from Comparison Study.  Each latent print received a 
score of 0, 1, or 2 depending on the number of minutiae.  The table shows the average 
scores for the triplicate prints for each development technique as well as the mean score 
























Jasmine Leaf 2 2 2 2 2 
Rhododendron Leaf 2 1.33 2 0.67 1.5 
Philodendron Leaf 2 2 2 2 2 
Banana 2 2 1.33 0.67 1.5 
Mango 2 2 1 2 1.75 
Plum 2 2 2 2 2 
Pear 2 1.67 2 2 1.92 
Orange 2 1.67 2 0 1.42 
Watermelon 2 2 2 2 2 
Pepper 2 2 2 2 2 
Zucchini 2 2 1 2 1.75 
Tomato 1.67 1.67 2 2 1.84 
Acorn Squash 2 2 2 2 2 
Carrot 2 2 0 0 1 












Figure 13.  Latent print on an orange developed with magnetic powder. Image digitally 
processed with Photoshop©.  Red dots represent all minutiae points that were counted for 
the print score. 
 
 
3.2 Development Method Performance in Comparison Study   
The average scores for each development technique were also calculated and 
compared to determine the efficacy of each technique (Figure 14).  Fingerprint powder 
yielded the highest scores with a mean score of 1.98 across all substrates while under-
fuming for about 13 minutes with LumicyanoTM yielded the lowest mean score of 1.56 
across all substrates.  The fingerprint powder results are consistent with two previous 
studies that also compared fingerprint powder with other non-powder development 





lightning gray powder produced prints of higher quality than prints developed with iodine 
fuming on apple, banana, guava, orange, tomato, onion, and potato(42).  A study by 
Trapecar et al. found that Silver Special powder and Swedish black powder had higher 
fingerprint recovery than CA fuming (38).   
Magnetic powder showed the second highest mean score in this study.  A study by 
Ferguson et al. also found that black magnetic powder produced better prints than 
superglue fuming (37).  Both fingerprint powder and magnetic powder are considered 
“physical techniques” in that they require the manual process of using a brush to powder a 
surface, but CA fuming is considered both a physical and chemical process.  Trapecar et 
al. hypothesized that physical development methods are more suitable for fruit and 
vegetable surfaces than physical/chemical techniques based on their results (38).  The 
results from the comparison study are consistent with this hypothesis as the physical 
magnetic powder and fingerprint powder techniques yielded prints of higher quality than 








Figure 14.  Mean scores for each development method across all substrates.  
Each latent print received a score of 0, 1, or 2 depending on the number of minutiae.  
This figure displays the development technique vs. the mean score across all fifteen 
substrates (n=45). 
 
3.2.1 Limitations with Magnetic Fingerprint Powder 
 There was difficulty with using magnetic fingerprint powder, which may have 
affected the scores for the prints that were developed with it.  The magnetic powder had a 
tendency to adhere to both the ridges and furrows of the latent print, minimizing contrast.  
There were also difficulties photographing the prints developed with magnetic powder due 
to the reflective properties of bi-chromatic powder (Figure 15).  This made it occasionally 



























Figure 15.  Latent print on a pear developed with magnetic powder.  Digitally 
processed on Photoshop©.  The three red dots represent all minutiae points that were 
counted for the print score. 
  
3.2.2 LumicyanoTM Fuming Times 
 In the initial fuming trials of the fruit and vegetable surfaces, it was noted that 
under-fuming and standard-length fuming produced different effects on the quality of the 
developed prints.  For some surfaces, under-fuming with the LumicyanoTM produced prints 
with clearer minutiae compared to fuming to completion.  In order to accommodate this 
variable for the LumicyanoTM fuming technique, the superglue fuming was conducted for 
two different amounts of time.  The scores for the prints developed at these two different 





substrate.  For the Rhododendron leaf, banana, and orange, standard fuming with 
LumicyanoTM produced prints with higher average scores.  For mango and zucchini, under-
fuming with LumicyanoTM produced a better average score for the prints (Table 1).     
Further, the under-fumed zucchini print showed clearer ridge detail and more 
distinguishable minutiae, earning it a higher score than the print fumed under standard 
conditions (Figure 16).  This finding is contrary to previous literature on the optimal fuming 
times for LumicyanoTM as well as the manufacturer’s instructions, which recommends 
fuming until all the LumicyanoTM has evaporated from the fuming dish (36).  Previous 
research has shown that if the fuming process is stopped before all the LumicyanoTM CA 
is evaporated, the fluorescence of the prints is less strong (32).  The brightness of the 
fluorescence for prints fumed using standard conditions and under-fumed prints was not 














Figure 16.  Two prints on zucchinis developed with LumicyanoTM.  Digitally processed 
with Photoshop©. (Left) Fumed for standard length with a score of 1 and (right) under-
fumed for about 13 minutes with a score of 2.  Red dots represent all minutiae points that 
were counted for the print score. 
 
3.2.3 Background Fluorescence 
 Many of the fruit and vegetable substrates fumed with LumicyanoTM showed 
background fluorescence for both the under-fumed and standard-fumed items (Figure 17), 
suggesting that the surface of some fruits and vegetables also attracted the LumicyanoTM 
vapors during the process.  This could be attributed to natural components on the surface 
of the fruits and vegetables that may be compatible with the LumicyanoTM.  It is also 
possible that moisture on the surface caused the background to attract fumes.  Overall, this 
did not hinder the visualization of the friction ridge detail and the developed latent prints 





background fluorescence could potentially be problematic in casework as it can mask a 
latent print.  Background fluorescence was not observed on the plant substrates (Figure 
17), indicating that waxy plant leaves may be a better surface for LumicyanoTM than fruits 
and vegetables.  
 
Figure 17.  Triplicate latent prints on a (left) plum and (right) Jasmine leaf subject to 
LumicyanoTM standard fuming.  The yellow background on the plum is due to 
fluorescence from LumicyanoTM.  In contrast, the background of the Jasmine leaf is not 
fluorescing yellow as it was not covered by LumicyanoTM. 
 
 
3.2.4 Limitations with LumicyanoTM Fuming 
 There were several limitations with the experimental procedure used to conduct 
LumicyanoTM fuming.  When substrates were under-fumed with LumicyanoTM, the amount 
of remaining LumicyanoTM solution in the fuming dish was not measured so it is uncertain 
if fuming for 13 minutes exposed the substrates to a consistent amount of LumicyanoTM 
fumes.  Moreover, due to the nature of the heating dial on the hot plate, it is uncertain if 
the hot plate was heated to exactly 120°C during every fuming cycle.  Slight differences in 





altering how the substrates interacted with the fumes.  Furthermore, the fuming chamber 
for this study was not sealed airtight and it is possible that some of the LumicyanoTM fumes 
may have escaped through the gaps in the aluminum foil and cardboard sheet during the 
fuming cycles. 
 
3.3 Aging Study 
 For Part 2 of this experiment, an aging study was conducted with eight of the fifteen 
substrates (Jasmine leaf, watermelon, zucchini, plum, cucumber, mango, pear, acorn 
squash).  Prints were deposited and developed at 1 day, 2 days, 4 days, 11 days, and at 16 
days after the date of deposition.  Sixteen days was determined to be the cut-off time point 
for this study considering the degree of degradation of the fruit and vegetable substrates 
over this time period.  Previous aging studies with food substrates have collected data up 
to two weeks (37,39).  For the LumicyanoTM fuming, the Jasmine leaf, cucumber, pear, and 
acorn squash were fumed for approximately 20-25 minutes.  The other four substrates were 
under-fumed for approximately 13 minutes as their scores in the initial comparison study 
indicated that under-fuming produced higher quality prints.   
 
3.3.1 Effects of Aging 
 There was a general decline in the average scores as the number of days since 
deposition increased for each of the development techniques (Figure 18).  This is consistent 





decline in the quality of the developed prints with age (37,38,42).  However, some studies 
have also found that aging did not affect the recovery of the latent print (39,41).  Research 
by Dalley and Jasra included an aging study on prints deposited on apples, onions, 
tomatoes, and potatoes for a total of two weeks.  They found no trends in the quality of the 
prints as they aged, but this could be due to the fact that the substrates were stored in a 
refrigerator until the day of development (39).  Refrigeration likely slowed down the 
deterioration of the substrates and possibly the prints.  Hong et al. conducted an aging study 
that ended 72 hours after deposition, which is shorter than the aging period for this study 
(41).   
Out of the three development techniques, LumicyanoTM had the highest average 
scores throughout the aging process, while fingerprint powder appeared to have the most 
consistent decline in average scores over time.  This decline in scores may be attributed to 
multiple factors, one of which is the deterioration of the substrate itself.  As the fruits and 
vegetables aged, they became drier and shriveled, distorting the prints.  Latent prints also 
lose their moisture over time and the chemical components may break down or evaporate, 
which can make it difficult for development techniques to work with aged samples (14).  It 
is possible that LumicyanoTM produced the best results in the aging study because the CA 
fuming was done in an enclosed chamber with a relative humidity of at least 80%, which 
could have re-introduced moisture into the latent prints and allowed the LumicyanoTM 
vapors to adhere better to the prints.  Another possibility is that LumicyanoTM vapors have 





For both magnetic powder and LumicyanoTM, the mean scores dropped down to 0 
for day 1 and increased for day 2, which contradicts the overall decline in print quality with 
increasing age.  This initial drop to 0 could be attributed to factors involved in the 
deposition of the prints for these time points.  Despite efforts to maintain consistency in 
pressure and timing when touching the finger to the standards pad, variation in the amount 
of residue transferred was possible, affecting the composition of the latent print.  It is 
possible that there was not enough residue in the prints developed on day 1 for magnetic 




Figure 18. Line graph depicting the scores from the aging study discriminated by 
development technique.  Each latent print received a score of 0, 1, or 2 depending on the 
number of minutiae.  This figure displays the days since deposition vs. the mean score 
across all eight substrates (n=24).  
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3.3.2 Fruit and Vegetable Deterioration 
 In the set-up for the aging study, most of the fruits and vegetables with the exception 
of mango and plums were cut up into sections to conserve resources and space.  This likely 
accelerated the deterioration process for these substrates, affecting the scores as the days 
progressed, particularly for the watermelon surface.  The latent prints were deposited on 
approximately 1-in wide and 4-in long segments of watermelon rinds with the fleshy 
portion removed.  By day 4 of the data collection, the watermelon rinds were shriveled and 
starting to curl up.  If the prints had been deposited on an intact watermelon, the surface 
would likely have degraded much more slowly, affecting the quality of the latent prints. 
 
3.3.3 Plum Aging Results 
One substrate of note in the aging study was the plum surface. It was the only 
substrate that produced consistently high quality prints upon development with 
LumicyanoTM fuming. Throughout the 16-day aging study, all the prints on the plums 
fumed with LumicyanoTM had scores of 2 (Figure 19).  This may be due to the smoothness 
of the plum’s surface.  It is important to note that the plums were not cut up like the other 
fruits and vegetables in the aging study, further suggesting that the surfaces of intact 
specimens deteriorate more slowly, therefore yielding high quality latent prints for longer 






Figure 19.  Line graph depicting average scores of prints deposited on plums vs the 
days since deposition.  Each latent print received a score of 0, 1, or 2 depending on the 
number of minutiae. 
 
3.4 Fingerprint Deposition with “Latent Print Standards Pad” 
 One important consideration for interpreting the results of this study is the method 
of deposition of the latent prints.  A latent print standards pad was used to deposit the prints 
to standardize the chemical components that the deposited prints would contain.  However, 
the components of a “fingermark simulant” like those found in the Sirchie® Latent Print 
Standards Pad may not be an accurate representation of the types and proportions of 
different chemical components in a naturally deposited latent print.  One study assessing 
the differences between fingermark simulants and natural latent fingerprints found that the 
fingermark simulants produced different responses to different chemical reagents as well 
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“Latent Print Standards Pad” is the temperature of the finger that touches the pad.  It is 
possible that the temperature of the finger could affect how the residues on the pad will 







4.1 Fruits, Vegetables, and Plant Leaf Substrates 
 The purpose of this study was to determine the feasibility of developing latent prints 
from certain fruit, vegetable, and plant leaf substrates using regular fingerprint powder, 
magnetic powder, and LumicyanoTM one-step CA fuming.  Results indicated that it is 
possible to develop latent prints on the Jasmine, Rhododendron, and Philodendron leaves 
with these three development techniques, and that these common plants could be a potential 
source for latent prints at crime scenes.  Fruits and vegetables with an irregular surface like 
oranges and in some cases, mangos, may not be a good source for latent prints (42) as the 
surface texture could obscure the friction ridge detail.  Out of the three techniques, 
fingerprint powder produced the best results across all the substrates.  Magnetic powder 
produced the second highest average across all substrates, but it had a tendency to coat the 
both the furrows and ridges of the print, reducing contrast.  LumicyanoTM produced the 
lowest averages out of the three techniques, with standard fuming scoring higher than 
under-fuming.  However, LumicyanoTM was generally successful in developing latent 
prints on the surfaces used in this study, indicating that it could potentially be used for a 
more diverse range of substrates than has previously been established (32–35).  The results 
from the LumicyanoTM trials also indicate that fruits and vegetables have a tendency for the 
background to be fumed with LumicyanoTM, causing background fluorescence upon 






4.2 Aging of Prints 
The overall decline in scores over 16 days indicates that aging results in a decrease 
in the quality of developed latent prints on fruits, vegetables and leaves.  Since these 
substrates are organic and susceptible to decomposition/dehydration over time, the aging 
process of latent prints may be potentially accelerated on these surfaces compared to other 
non-organic surfaces.  The aging of latent prints on these substrates may also be attributed 
to the loss of moisture and breakdown of chemical components (14,38,41,42) within the 
latent print residue itself.  Among the three development techniques, LumicyanoTM fuming 
resulted in the smallest decrease in scores over time, indicating that LumicyanoTM may 
potentially be a good development method for latent prints that are suspected to be old.  
Fingerprint and magnetic powder, however, may be less suitable development technique 
for aged prints. 
 
4.3 Future Considerations 
 For future studies, a statistical analysis of the scores of a larger sample size of 
developed latent prints on fruit, vegetable, and plant leaf surfaces would provide more 
insight on the significance of the results.  This study focused on fifteen fruit and vegetable 
surfaces, but future studies could expand the number of substrates and include other 
surfaces that have not yet been studied like cantaloupe, papaya, guava, etc.  Moreover, this 
study only incorporated three types of plants with waxy, non-porous surfaces so future 





A study using naturally deposited latent prints on fruits, vegetables, and plant leaves 
with the three development techniques would better simulate prints encountered in 
casework and may provide insight on how natural prints may react differently from prints 
created with fingermark simulant pads.  An aging study using natural prints on these 
substrates also warrants future study as naturally-deposited prints may contain chemical 
components that are not present in fingermark simulant prints (45).   
All the substrates in this study were handled at room temperature, but exploring 
how refrigerated temperatures could affect print deposition and recovery is also a potential 
area of study as handled fruits and vegetables could be left in a refrigerator at a crime scene.  
Different storage conditions could also have an effect on the aging of the latent print, 
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